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(54) AUTOMATIC SPHYGMOMANOMETER 

(57) N/Vhen it is judged by a blood-pressure-abnor- 
mality judging means that a first blood pressure value 
determined by a first blood pressure determining 
means, based on a pulse-synchronous signal produced 
white a pressure of a cuff is slowly increased, is abnor- 
mal, a second blood pressure value is determined by a 
second blood pressure determining means without 
needing another first blood pressure value determina- 
tion. Thus, it is possible to eliminate the time necessary 
for decreasing and re-increasing the pressure of the 
cuff, thereby reducing the discomfort of the patient. 
Additionally, since the present blood pressure measur- 
ing apparatus can measure a secorxj blood pressure 
value relatively speedily, it dose not need a device for 
removing noise from the signal. 
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Description 
RELDOFTHE ART 

The present invention relates to a Wood pressure 

riClSt a pcrtor « the wn, »-*ect Is 

Changed. 

BACKGROUND OF THE INVENTION 

,n a conventional iDlood pressure measuring appa- 

SSl'SSC^meLrernt. ; is needed to proVde 
" e^oXr^slTre measuring apparatus with a hjgh^ 

p:.ormance ^er circuH or a -9"?P-^'"^S 
for removing noise from the signal. O*'®^®®'.™ 

1 !r««t a blood pressure value obtained in a Wood 
judged that a blood press compared with 

oressure measurement is aonormdi. « r 

suffers from discomfort because the pressing pressu 
of a cuff IS applied to the patient again. . . 

STe pr^ irrvention has been developed n the 
abov?^ckground. it is an object of the invention to pro- 
S^a wood pressure measuring apparatus wifr a s m^ 
Scons^fc^'onandalc^pr^ 
discomfort of a patient even when a" '"^J^J "'^ 
pr^re value is measured due to noise or the like. 



DISCLOSURE OF THE INVENTION 

The alx>ve object may be achieved acco««ng to a 
first^ntion which provides a Wood P^«^- 
ing apparatus for automatically ""^^"""^ 
sure i a living subject based on a vanation of a pulse 
'synchronous ^gnal produced from an ^ery ofjejiv 
inn subject while a pressing pressure o a cuff W^'^W 
aTrtiin of the living subject is ^'^-'^ ^S^^^f^^, 
ciS-pressure regulating means, the Wood pr^re 
meatSig apparatus being characterized by con^r^- 
^g Ta firJwood pressure detemjining means fo^ 
determ ning a first Wood pressure value of the subvert 
SLTo™ a variation of the P"'se-synchronous «9na 
^uced while the pressure of the cuff .s slowly 



Of the cirff. wnen abnormality ludgmg 

abnormal, the P[f ^uff-oressure regulating 

means commanding the cutt pressure « 

^ Wl pressure determining means, for the Wood 
"Ti'^bove mentioned Wood pressure measuring 

♦he* «5iow ncreasing ot tne pres&uic ^ 
I^^JTbtoKl pre^ure measuring apparatus can end 
SfbtoS^^S^^ieasurement earlier than the con- 
ItlS blood pressure measuring apparatus which 

. sS^d'wixlpressurevaluerelativ^y^e^^^^^^^^^^ 
not need a device for removing noise from the signal. 
"''prSXinthepresembloodpr^remj^l^ 

3ppara.s. -';^3-j- ^cr a^^b^ s:Su:: 

. SrrSaTg^m'iU^eacuffpUsewavepr^^ 
dSrr«?e cuff is Obtained while the pressure of the 

^ PurS^' ^n'S present Wood pressure measurirj 
«™2r«ch of Jie first and second blood pressure 
apparatus, eacn o. u g wood pressure 
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trols the display device to indicate that the first and sec- 
ond blood pressure values are abnormal, when the 
second blood pressure value is abnormal. 

The above object may be achieved according to a 
second Invention which provides a blood pressure 5 
measuring apparatus for automatically measuring a 
blood pressure of a living subject based on a variation of 
a pulse-synchronous signal produced from an artery of 
the living subject while a pressing pressure of a cuff 
applied to a portion of the living subject is slowly io 
changed by a cuff-pressure regulating means, the blood 
pressure measuring apparatus being characterized by 
comprising: (a) first blood pressure determining means 
for determining a first Wood pressure value of the sub- 
ject based on a variation of the pulse-synchronous sig- is 
nal produced while the pressure of the cuff is slowly 
Increased: (b) second blood pressure determining 
means for determining a second blood pressure value 
of the subject based on a variation of the pulse-synchro- 
nous signal produced while the pressure of the cuff is 20 
slowly decreased: and (c) signal-abnormality judging 
means for judging whether the variation of the pulse- 
synchronous signal obtained during the slow increasing 
of the pressure of the cuff is abnormal, the signal-abnor- 
mality judging means commanding the cuff-pressure 25 
regulating means to quickly decrease the pressure of 
the cuff, when the variation of the pulse-synchronous 
signal is not abnormal, the signal-abnormality judging 
means commanding the cuff-pressure regulating 
means to slowly decrease the pressure of the cuff 30 
increased for the blood pressure determination of the 
first blood pressure determining means, for the blood 
pressure determination of the second blood pressure 
determining means, when the variation of the pulse- 
synchronous signal is abnormal. 35 

In the above-mentioned blood pressure measuring 
apparatus, when it is Judged by the signal-abnormality 
judging means that a variation of the pulse-synchronous 
signal obtained during the slow inaeasing of the pres- 
sure of the cuff is abnormal, the pressure of the cuff \s 40 
decreased for the blood pressure determination of the 
second blood pressure determining means. According 
to the second invention, even when the variation of the 
pulse-synchronous signal is abnormal due to noise gen- 
erated during the slow increasing of the pressure of the 45 
cuff, the present blood pressure measuring apparatus 
can end the blood pressure measurement earlier than 
the conventional blood pressure measuring apparatus 
which needs to go the initial step of another blood pres- 
sure measurement, by the time necessary for decreas- so 
tng and re-increasing the pressure of the cuff, thereby 
reducing the discomfort of the patient. Further, since the 
present blood pressure measuring apparatus measures 
the second blood pressure value relatively speedily, it 
does not need a device for removing noise from the sig- ss 
nal. 

Preferably, the present apparatus may further com- 
prise blood-pressure-abnormality judging means for 
judging whether the first blood pressure value deter- 



mined by the first btood pressure determining means is 
abnormal, the blood-pressure-abnormality judging 
means commanding the cuff-pressure regulating 
means to quickly decrease the pressure of the cuff, 
when the first blood pressure value is not abnormal, the 
tslood-pressure-abnormality judging means command- 
ing the cuff-pressure regulating means to slowly 
decrease the pressure of the cuff increased for the 
blood pressure determination of the first trfood pressure 
determining means, for the blood pressure determina- 
tion of the second blood pressure determining means, 
when the first blood pressure value is abnormal. 

Preferably, in the present apparatus, each of the 
first and second blood pressure determining means 
may execute a blood pressure determining algorithm 
each time a cuff pulse wave produced in the cuff is 
obtained while the pressure of the cuff is slowly 
changed. 

Preferably, in the present apparatus, each of the 
first and second blood pressure determining means 
may execute a blood pressure determining algorithm 
when a plurality of cuff pulse waves produced in the cuff 
are obtained while the pressure of the cuff is slowly 
changed. 

Further, the present apparatus may further com- 
prise a blood pressure value indication controlling 
means which controls a display device to indicate the 
second blood pressure value determined by the second 
Wood pressure determining means when the second 
blood pressure value is not abnormal, and which con- 
trols the display device to indicate that the first and sec- 
ond blood pressure values are abnormal, when the 
second blood pressure value is abnormal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a diagrammatic view for illustrating the con- 
struction of a blood pressure measuring apparatus 
embodying the present invention. 

Fig. 2 is a block diagram for explaining various func- 
tions of a control device 26 of the apparatus of Fig. 1 . 

Fig. 3 is a flow chart representing the operation of 
the control device 26 of the apparatus of Fig. 1 . 

Rg. 4 is a time chart showing the operation of the 
control device 26 of the apparatus of Fig. 1 . 

Rg. 5 is a block diagram for explaining various func- 
tions of a blood pressure measuring apparatus as 
another embodiment according to the present invention. 

Rg. 6 is a flow chart representing the operation of a 
control device 26 of the apparatus of Fig. 5. 

THE BEST MODE FOR CARRYING OUT THE INVEN- 
TION 

There will be described in detail an oscillometric- 
type automatic blood pressure measuring apparatus as 
an embodiment of the present invention, refemng to the 
drawings. 

In Fig. 1. the blood pressure measuring apparatus 
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includes a belt-like cu« 1 0 which is adapted to be wound 
Cessing an upper arm of a living -biect and w^^^^^^ 
is provided by a bag formed of an ^'^f jf'f ^^^^^^ 
rubber or vinyl, and additionally includes a pr^sufe 
s;.sor 12 and a pressure regulating valve U each of 
which is connected to the cuff 10 via a p.p.ng 16 

The pressure sensor 12 includes a semjcondt^o^ 
pressure sensing element, for example^T^e p^ssure 
sensor 12 detects a pressure in the ^f^^^ 
oL a pressure signal SP representative of the 
SSure to each of a low-pass filter 20 and a 
bS^sSer 22. TTie low-pass f ilter 20 extracts n-om 
?hT pressure signal SP. a static pressure component 
conined in the signal SP. i.e.. cu« p:^";^^^^'^ 
representative of a cuff pressure P. '^""f • 
s^nal SK is transmitted to an ND converter 24 . On he 
oLr hand, the band-pass fiher 22 e^^ctsj^"^ the 
pressure signal SP. a cuff pulse 
"ng predetermined frequences, such as 0^3 to 30 Hz^ 
i e cuff pulse wave signal SM representalwe of a cuff 
puls^w^e. -n^e cuff pulse wave signal SM -s transn^t- 
to the A/D converter 24. The cuff pulse wave .s an 
ovulatory pressure wave which is produced .n the cuff 
l^wS around the upper am, Of the subie^^^^ 
of a pulsation of an artery of the arm .n synchronism 
JTe heartbeat of the subject The AJD converter 24 
Sides a multiplexer which receives, by time sharing. 
e"Sf?th\twornputsignals.and«,no^^^^^^ 
the two signals into corresponding digital signals. 

"""^S^'Sntrol debtee 26 is provided by a so-«l.ed 
micrac^puter including a CPU 28. a ROM 30 a RAM 
32 an ou^ut interface 34. and a display 'rrterface 36. 
The CPU 28 processes input signals according to con- 
ttofprograms pre-stored in the ROM 32 bV uttong a 
tSnoorL-storage function of the RAM 30. The CPU 28 
oTS^ S ditoe 26 supplies drive s'gnalVo a^^^^^^ 
pump 18 and the pressure regulating valve if^^^Sj 
Z output interface 34. and to a d«play d^38 
throuahthe display interface 38. The display device 38 
Sd'ranfmTge display panel fbr c^^'aying^^^^^^^^^^ 
cal values and/or waveforms on a number of light emit 
Statements and a printer for P"'^"9;'^f -^^"J^ 
vaSies andtor the waveforms on a sheet of paper with 

^" 2 is a block diagram for explaining various func- 
tions oTthe control device 26. In the figure^ the pr^re 
sensor 12 detects a cuff pulse «ave Produc^^insyn 
chronism with the heartbeat of the subject, in the cuff 10 
wou^ on a portion of the subject white a Pressure of 
The cuff 10 is changed. A cuff-pressure regulating 
mea^ 46 commands the pressure regulatng valve 14 
^ *e air pump 18 to change the cuff pressure. Af.^ 
S«,?pres^re determining means 40 determines o^ 
or more first blood P-ssure values, such as^st^^^^^^^^ 
maximum and diastolic or ^^^^1-^*^ 
ues based on the variation of respective ampltud^ crt 
me cuff pulse waves produced while the pressure of he 
ciSf i^ slowly increased by the cuff pressure regulat- 



ina means 46. according to a so-called osallometric 
methc? A s«i)nd blood pressure determining means 
determines one or more second Wood pressure val- 
ues such as systolic and diastolic Wood pressure val- 
, uJSsed on L variation of respective amplitudes^ 
mtcuffpulsewavesproducedwhilethepressureofme 
SfToisslowly decreased by the cuff pressurer^u^at^ 
Z means 46. according to the oscillometnc mem«l A 
blood-pressure-abnormallty judging meaiw 4* ji^g^ 
„ SSer the first blood pressure values deterrnn^ by 
Te first wood pressure determining means are abnor- 
^iSientheLtWoodpressure values areabnon^l 

the second Wood pressure determining means « 
diermines second Wood pressue values^A Wood 
oressure value indication controlling means 48 ca*ote 
Sie Say device 38 to indicate the first or second 
Sod ^SLure value determined by the first or secor^ 
SS^essuredetermining means 40.42 when the^rst 

oTsl^nd blood pressure values are not abnormal, and • 
^ to tSte that L second Wood pressure valu^ are 
STrmal. when the second blood pressure values are 

abnormal. ^ . 

Fig 3 is a flow chart representing the operaton o 
the control device 26. When a start ^^h (notsh^^ 
25 is pushed ON for a blood pressure measurement. St^ 
SA1 is carried out. At Step SA1 , the pressure r^ulatng 
^ve U Spaced in a quick-inflation position in wh.^ 
^lessurl regulating valve 14 permrts a Pressunzed 
air to S quickly supplied to the cuff 10 by the a.r purnp 
30 18 as shown at point t, in Fig. 4. Step SA1 is followed 
by i SA2 to judge whether or not the Pressure in the 
Sff ie cuff pressure Pc is higher than a predeter- 
~"nei value p' for example. ^Omr^Hg which « 
♦han the diastolic Wood pressure value of the subject, it 
35 rSafrve iSment is made at Step SA2. the control of 
JJ?28 ri^its Step SA1. If a positive judgmert is 
S^e a1 sS^A2. the control of CPU 28 goes to 
^ At Step SA3. the pressure regulating vah^e 14 is 
^tehi to^a slow-lnflation position in which the ^e- 
« Sre regulating valve 14 permits the pr^uriz^arto 

be supplied to.the cuff 10 at a rate surtaWe for Wood 
pressuTe measureme^its. for example. 2 to 3 
mmHg/sec. as shown at point ta in Fig. 4. 

^ep SA3 is followed by Step SA4 to i^l^^f'^' 
45 or notei cuff pulse wave has been detected, based on 

L pulse wave signal SM. H a negative lodgment « 
Tade at Step SA4. the control of CPU 28 goes ba*to 
Steo SA3. If a positive judgment is made at Step bA*. 
tT<S^ol of CPU 28 goes to Step SA5. correspord.ng 
50 to the first wood pressure determining '"ear^ 40 to 
Lrv out a blood pressure determination routine. In the 
SZelneormorefirst blood pressure values, s^h^ 

Solic mean and diastolic Wood pressure ^ 
mea ^g^ermined. based on a differ- 

55 eTe 7^peclive amplitudes of each pair of 

Scesst^ cuff pulse waves detected by the band-pa^ 
meS while the cuff pressure P^ is slo^W increaj^ 
according to a well-known oscillometnc-type Wood 
pS^re detemiining algorithm. Step SA5 is fWlowed 
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by Step SA6 to judge whether or not the first blood pres- 
sure values have been determined. If a negative judg- 
ment is made at Step SA6. Steps SA3 to SA6 are 
repeated and the slow increasing of the cuff pressure Pc 
is continued. 5 

If a positive judgment is made at Step SA6, the con- 
trol of the CPU 28 goes to Step SA7, corresponding to 
the blood-pressure-abnormality judging means 44, to 
judge whether or not the first blood pressure values 
determined at Step SA5 are abnormal. To judge 10 
whether or not the first blood pressure values are abnor- 
mal, the following expression (1) which has been found 
by experience is used, for example. 

P - P '5 

^ mean ~ ~ min o ^ ' ' 



At Step SA7. the CPU judges whether or not the above 
expression (1) holds for the first blood pressure values 20 
determined at Step SA5. If a negative judgment is made 
at Step SA7. the control of the CPU 28 goes to Step 
SA8 to indicate the first blood pressure values on the 
display device 38. Step SA8 is followed by Step SA9 to 
stop the air pump 1 8 and switch the pressure regulating 25 
valve 14 to a quick-deflation position in which the pres- 
surized air Is quickly deflated from the cuff 1 0. Thus, the 
present routine is terminated. Point t3 in Fig. 4 shows 
the time when the routine has thus been ended and 
point t4 shows the time when the deflation of the cuff 10 30 
has been completed. 

Meanwhile, if a positive judgment is made at Step 
SA7. the control of the CPU 28 goes to Step SA10. At 
Step SA10. the pressure regulating valve 14 is switched 
to a slow-deflation position in which the cuff pressure Pc 35 
is slowly decreased at a rate suitable for blood pressure 
measurements, for example, 2 to 3 mmHg/sec. as indi- 
cated at broken line in Fig. 4. Step SA10 is followed by 
Step SA1 1 to judge whether or not a cuff pulse wave 
has been detected, similarly to Step SA4. If a negative 40 
judgment is made at Step SA 1 1 . Steps SA1 0 and SA1 1 
are repeated. If a positive judgment is made at Step 
SA1 1 , the control of the CPU 28 goes to Step SA1 2 cor- 
responding to the second blood pressure determining 
means 42. At Step SA12. a similar blood pressure 45 
determination routine is carried out to determine one or 
more second blood pressure values. 

Step SA1 2 is followed by Step SA1 3, similar to Step 
SA6, to judge whether or not the determination of the 
second blood pressure values has been completed. If a so 
negative judgment is made at Step SA13, Steps SA10 
to SA13 are repeated. If a positive judgment is made at 
Step SA1 3. the control of the CPU goes to Step SA1 4 to 
judge whether or not the second blood pressure values 
are abnormal. If a negative judgment is made at Step ss 
SA14, the control of the CPU 28 goes back to Steps 
SA8 and SA9. At Step SA8, the second blood pressure 
values are indicated on the display device 38. At Step 
SA9. the air punrp 18 is stopped and the pressure in the 
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cuff 10 is quickly decreased. Thus, the present routine 
is terminated. However, If a positive judgment is made 
at Step SA14, the control of the CPU 28 goes to Step 
SA15 to indicate, on the display device 38. that the 
blood pressure values are abnormal. Step SA15 is fol- 
lowed by Step SA9 to stop the air pump 18 and quickly 
decrease the pressure in the cuff 10. Thus, the present 
routine is terminated. Point ts In Fig. 4 shows the time 
when the present routine has thus been ended and 
point te shows the time when the deflation of the cuff 10 
has been completed. In this embodiment, Steps SA1 . 
SA3, SA9 and SA10 correspond to the cuff-pressure 
regulating means 46, and Steps SA8. SA14 and SA15 
correspond to the blood pressure indication controlling 
means 48. 

In the above described oscillometric-type automatic 
blood pressure measuring apparatus, when, at Step 
SA7 corresponding to the blood-pressure-abnormality 
judging means 44. the CPU 28 judges that the first 
blood pressure values are abnormal due to noise result- 
ing from a body movement, or the like, while the cuff 
pressure is slowly increased, at Step SA12 corre- 
sponding to the second blood pressure determining 
means 42. second blood pressure values are deter- 
mined while the cuff pressure P© is slowly decreased. 
Thus, it is not needed to decrease and re-increase the 
pressure of the cuff 10 for another blood pressure 
measurement, thereby reducing the blood pressure 
measurement time. The reduction of the blood pressure 
measurement time leads to the reduction of the discom- 
fort of a patient. 

Further, since the present osdilometric blood pres- 
sure measuring apparatus can measure second blood 
pressure values relatively speedily, it does not need a 
complicate and expensive device for removing rx)ise. 
Thus, the present invention provides a simpler and 
chesiper oscillometric-type automatic btood pressure 
measuring apparatus. 

In the above described embodiment, the amount of 
increasing of the cuff pressure during the initial quick 
inflation is relatively small and the amount of decreasing 
of the cuff pressure during the final quick deflation is rel- 
atively small, in comparison with a blood pressure 
measuring apparatus which determines a blood pres- 
sure value while the pressure, of a cuff 10 is slowly 
decreased and. when the determined blood pressure 
value is judged abnormal, determines a blood pressure 
value while the cuff pressure Is slowly increased. There- 
fore, the time necessary for the quick inflation and quick 
deflation of the cuff 10 is reduced, so that it is possible 
to shorten the blood pressure measurement time. Fur- 
ther, since, in the present apparatus, it is not required to 
increase the pressure of the cuff 10 to a value higher 
than the systolic blood pressure value of the patient, the 
discomfort of a patient is minimized. 

Next, there will be described another embodiment 
according to the present invention. Hereinafter, the 
same parts as those of the prior embodiment will be 
denoted by the same reference numerals and the 
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description thereof is omitted. 

Fig 5 is a block diagram for explaining various func- 
tions of a blood pressure measuring apparatus as 
another embodiment according to the present inventoa 
In the figure, a signal-abnormality judging means 45 
judges whether or not the variation of the pulse wave 
signal SM obtained during the slow inaeasing of the 
pressure of the cuW 1 0 is abnormal to an extent inappro- 
priate for a blood pressure measurement. If a negative 
judgment is made, the signal-abnormality judging 
m^ns 45 commands the cuff-pressure regulating 
means 46 to quicWy decrease the pressure of the cuff 
10 If a positive judgment is made, the second blood 
pressure determining means 42 determines second 
Wood pressure vales. 

Rg 6 is a flow chart representing the operation of a 
control device 26 in the present embodiment. In the fig- 
ure Steps SA1 to SA3 are carried out similarly to St^s 
SA1 to SA3 of the prior embodiment. Step SA3 is fol- 
lowed by Step SA4- to temporarily store all the pulse 
wave signal SM produced while the pressure of the cuff 
10 is inaeased. and to judge that all the pulse waves 
have been detected when a point of inflechon (i.e.. a 
maximum of ihe differences between the respective 
amplitudes of each pair of successive pulse waves) is 
detected, during the decreasing of respective ampli- 
tudes of the pulse waves. Concurrently, at Step SA4. 
the CPU 28 judges that all the pulse waves have been 
detected when a predetermined time penod long 
enough to detect the pulse wave signal has been meas- 
ured by a guard timer. 

Step SA4' is followed by Step SA5'. corresponding 
to the signal-abnormality judging means 45. to judge 
whether or not the series of pulse waves represented by 
the pulse wave signal SM obtained during the slow 
increasing of the pressure of the cuff 1 0 are abnormal to 
such an extent that the current blood pressure "\easute- 
ment Is unsuccessful. For example, it is judged that the 
pulse wave signal is not abnormal when the number o^ 
the pulse Waves obtained during the increasing of 
respective anplitudes of the pulse waves and the 
number of the pulse waves obtained during the subse- 
quent decreasing of respective ampWudes of the pulse 
waves is equal to or larger than five or SIX. 

If a negative judgment is made at Step SA5 . tne 
control of the CPU 28 goes to Step SA6' corresporidir^ 
to the first blood pressure detemiining means 40. At 
Step SA6-. a blood pressure determination routine is 
carried out. In the routine, one or more first blood pres- 
sure values, such as systolic, mean and diastolic blood 
pressure values P^^x- Pmean and P„i„. are determined 
based on the respective amplitudes of all the pulse 
waves which are detected during the slow increasing of 
the cuff pressure Pc and temporarily stored, according 
to a well-known oscillometric-type blood pressure 
measuring algorithm for determining one or more blood 
pressure values, such as systolic, mean and diastolic 
blood pressure values, based on the difference between 
respective amplitudes of each pair of successive pulse 



waves. « o/v-j 

Subsequently. Step SA6- <ollow«l by Step SA7^ 
Uke the prior embodiment, at Step SA7. the CPU 28 
judges whether or not the measured first blood pressure 
5 values are abnormal. If a negative judgment is made at 
Step SAT. the control of the CPU 28 goes to Steps SA8 
and SA9. At Step SAB. the first Wood pressure values 
are displayed. At Step SA9. the pressure of the cuff 10 

is quickly decreased. 
10 If a positive judgment is made at one of Steps SA5 
and SA7 the contrW of the CPU 28 goes to Step SA1 0 
to slowly decrease the pressure of the cuff 10 si"iteriy 
to Step SA 1 0 of the prior embodiment. Step SAlO is fW- 
lowed by Steps SAir to SA13- to determine one or 
15 more second Wood pressure values during the decreas- 
ing of the pressure of the cuff 10 similarly to the first 
Wood pressure values. Thus, in the present embodi- 
ment, it is possiWe to obtain the same advantages as 
those of the prior embodiment. 
20 The Wood pressure measuring apparatus accord- 
ing to the above mentioned second embodiment 
includes the Wood-pressure-abnormality judging mieans 
44 for commanding the second Wood pressure deter- 
mining means 42 to determine second Wood pr^re 
25 values when the first blood pressure values deterrnined 
by the first Wood pressure determining means 40 are 
jinormal. besides the signal-abnormality ludging 
means 45 for commanding the second Wood pressure 
determining means 42 to determine second Wood pres- 
30 sure values when the signal obtained for the Wood pres- 
sure determination of the first Wood pressure 
determining means 40 is abnormal. Thus, the present 
apparatus has the advarrtage of obtaining a more relia- 
ble Wood pressure value. 
35 While the present invention has been described in 
its preferred embodiments by reference to the drawings, 
it is to be understood that the inventfon may otherwise 

be embodied. ^. _^ 

For example, in the illustrated embodiments, tne 
40 pulse waves used for determining blood pressure val- 
ues are detected while the cuff pressure is slowly 
Changed at a predetermined rate, that is lineariy. Hew- 
ever the pulse waves for determining the Wood pr^- 
sure values may be detected while Ihe cuff pressure Pc 
45 is substantially slowly changed by alternately repeating 
a first operation in which the cuff pressure is increased 
by a predetermined amount and a second operation in 
which the increased cuH pressure is held for a predeter- 
mined time, that is. by changing the cuH pressure Pc 

so stepwise. . 

In the Wood pressure determination routine carnea 
out at Step SA5 or SA12. systolic and diastolic Wood 
pressure values may be determined based on the 
occurrence and disappearance of Wood-flow sounds 
55 which are detected by a microphone from a brachia^ 
artery of the subject while the cuff pressure Pc « slowly 
changed, according to a well-known Korotkoff-sound 
type Wood pressure determining algorithm for determin- 
ing systolic and diastolic btood pressure values. Further. 
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the blood pressure determination routine may be car- 
ried out by utilizing a pulse wave produced by the pulsa- 
tion from the wall of an artery downstream of the body 
portion pressed by the cuff 10, based on the reflection 
of an ultrasonic wave from the arterial wall, according to 5 
an oscillometric method. At any rate, a blood pressure 
value may be determined based on a pulse-synchro- 
nous wave signal produced while the cuff pressure Pc is 
substantially slowly changed. 

When, at Step SA14, it is judged that the second 10 
blood pressure values are abnormal, the control of the 
CPU 28 may automatically return to Step SAI for carry- 
ing out another blood pressure measurement, without 
indicating that the second blood pressure values are 
abnormal. 

While, in the embodiment shown in Figs. 5 and 6, 
the blood-pressure-abrK)rmality judging means 44 and 
Step SA7 corresponding thereto may be omitted. 

It is to be understood that the present invention may 
be embodied with other modifications or improvements 20 
which n\ay occur to those skilled in the art without 
departing from the scope of the invention. 

INDUSTRIAL UTILITY 

25 

It will be understood from the above description that 
since the blood pressure measuring apparatus accord- 
ing to the present invention is able to minimize the dis- 
comfort of a patient, it is suitable for use at a clinic for 
outpatients, a public health center, or the like, where a 30 
blood pressure measurement is carried out. 

Claims 

1, A t)lood pressure measuring apparatus for auto- 3S 
matically measuring a blood pressure of a living 
subject based on a variation of a pulse-synchro- 
nous signal produced from an artery of the living 
subject while a pressing pressure of a cuff applied 
to a portion of the living subject is slowly changed 40 
by a cuff-pressure regulating means, the t^ood 
pressure measuring apparatus being characterized 
by comprising: 

first blood pressure determining means for 4S 
determining a first blood pressure value of the 
subject based on a variation of the pulse-syn- 
chronous signal produced while the pressure off 
said cuff is slowly increased: 
second blood pressure determining means for so 
determining a second blood pressure value of 
the subject based on a variation of the pulse- 
synchronous signal produced while the pres- 
sure of said cuff is slowly decreased; and 
blood-pressure-abnormality judging means for ss 
judging whether the first blood pressure value 
determined by said first blood pressure deter- 
mining means is abnormal, said k)lood-pres- 
sure-abnormality judging means commanding 



said cuff-pressure regulating means to quickly 
decrease the pressure of said cuff, when said 
first blood pressure value is not abnormal, said 
blood-pressure-abnormality judging means 
commanding said cuff-pressure regulating 
means to slowly decrease the pressure of said 
cuff increased for the blood pressure determi- 
nation of said first blood pressure determining 
means, for the blood pressure determination of 
said second blood pressure determining 
means, when said first blood pressure value is 
abnormal. 

2. A blood pressure measuring apparatus according 
to claim 1, wherein each of said first and second 
blood pressure determining means executes a 
blood pressure determining algorithm each time a 
cuff pulse wave produced in said cuff is obtained 
while the pressure of said cuff is slowly changed. 

3. A blood pressure measuring apparatus according 
to claim 1 , wherein each of said first and second 
t^lood pressure determining means executes a 
blood pressure determining algorithm when a plu- 
rality of cuff pulse waves produced in said cuff are 
obtained while the pressure of said cuff is slowly 
changed. 

4. A blood pressure measuring apparatus according 
to claim 1. further comprising a blood pressure 
value indication controlling means which controls a 
display device to indicate the second blood pres- 
sure value determined by said second blood pres- 
sure determining means when the second blood 
pressure value is not abnormal, and which controls 
the display device to indicate that the first and sec- 
ond blood pressure values are abnormal, when the 
second blood pressure value is abnormal. 

5. A blood pressure measuring apparatus for auto- 
matically measuring a blood pressure of a living 
subject based on a variation of a pulse-synchro- 
nous signal produced from an artery of the living 
subject while a pressing pressure of a cuff applied 
to a portion off the living subject is slowly changed 
by a cuff-pressure regulating means, the blood 
pressure measuring apparatus being characterized 
by comprising: 

first blood pressure determining means for 
determining a first blood pressure value of the 
subject based on a variation of the pulse-syn- 
chronous signal produced while the pressure of 
said cuff is slowly increased: 
second blood pressure determining means for 
determining a second blood pressure value of 
the subject based on a variation of the pulse- 
synchronous signal produced while the pres- 
sure of said cuff is slowly deaeased; and 
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««H Kinori nressure values are abnormal, when the 
signa.-abnon.«lity judging n,eans for udg.ng ^^^^^"^rvalue is abnormal, 

whether the variation of said pulse-synchro- seconaciooap 
nous signal obtained during the slow increas- 
ing of the pressure of said cuff is abnormal, 
said signal-abnormality judging means com- s 
manding said cuffiJressure regulating means 
to quickly decrease the pressure of said cuff, 
when the variation of said pulse-synchronous 
signal is not abnormal, said signal-abnormality 
judging means commanding said cuff-pressure 10 
regulating means 1o slowly decrease the pres- 
sure of said cuff increased for the blood pres- 
sure determination of said first blood pressure 
determining means, for the blood pressure 
determination of said second blood pressure ,5 
determining means, when the variation of said 
pulse-synchronous signal is abnormal. 
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6 A Wood pressure measuring apparatus according 
to claim 5. further comprising blood-pressure- 
abnormality judging means for judging whether the 
first blood pressure value determined by said first 
blood pressure determining means is abnormal, 
sad blood-pressure-abnormality judging means 
commanding said cuff-pressure regulating means 
to quickly decrease the pressure of said cuff, when 
said first blood pressure value is not abnormal, saio 
blood-pressure-abnormality judging means com- 
manding said cuff-pressure regulating means to 
slowly decrease the pressure of said cuff '"creas^ 
for the blood pressure determination of said firet 
Wood pressure determining means, for the blood 
pressure deternination of said second blood pres- 
sure determining means, when said first Wood 
pressure value is abnormal. 

7 A blood pressure measuring apparatus according 
■ to daim 5. wherein each of said first and second 

Wood pressure determining means executes a 
Wood pressure detemtiining algorithm eatin tinrie a 
cuff pulse wave produced in said cuff is obtained 
while the pressure of said cuff is slowly changed. 

8 A Wood pressure measuring apparatus according 
to claim 5, wherein each of said first and second 
Wood pressure determining means executes a 
Wood pressure determining algorithm when a plu- 
rality of cuff pulse waves produced in said cuff are 
obtained while the pressure of said cuff is slowly 
changed. 

9 A Wood pressure measuring apparatus according 
to claim 5. further comprising a Wood pressure 
value indication contrWling means which controls a 
display device to indicate the second Wood pres- 
sure value determined by said second blood pres- 
sure determining means when the second Wood 
pressure value is not abnormal, and which controls 
the display device to indicate that the first and sec- 
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